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Abstract. Evidence supports an association between vitamin deficiencies and cognitive decline in Alzheimer’s disease
(AD). If vitamin deficiencies are causative for AD development, they should be detectable during very early stages of AD.
Here we investigated nutritional factors among home-living patients diagnosed with mild cognitive impairment (MCI) or
mild dementia due to AD, compared to healthy controls. Our study included 73 patients with AD (25 with MCI, 48 with
dementia) and 63 cognitively intact age-matched controls. All participants underwent cognitive testing, somatic examination,
and measurements of vitamins A, B1, B6, folate, B12, C, D, and E, and F2-�-isoprostane. Results are given as mean (SD).
MMSE scores were 29.1 (1.0) for healthy controls, 27.4 (1.8) for patients with MCI, and 24.3 (3.2) for patients with dementia.
Vitamin concentrations for the these groups, respectively, were as follows: B1 (nmol/l), 157 (29), 161 (35), and 161 (32); B6
(nmol/l), 57 (63), 71 (104), and 58 (44); folate (mmol/l), 23 (9), 26 (10), and 23 (11); B12 (pmol/l), 407 (159), 427 (116),
and 397 (204); C (�mol/l), 63 (18), 61 (16), and 63 (29); A (�mol/l), 2.3 (0.6), 2.2 (0.5), and 2.3 (0.5); E (�mol/l), 36 (6.3),
36 (6.9), and 36 (8.2); 25-OH vitamin D (nmol/l), 65 (18), 61 (19), and 65 (20); and 8-iso-PGF� (pg/ml), 64 (27); 60 (19),
and 66 (51). These concentrations did not significantly differ (p ≤ 0.05) between the three groups. Our results do not support
the hypothesis that vitamin deficiencies play a causative role in the development of early cognitive impairment.
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INTRODUCTION

Despite decades of research focused on the etiol-
ogy of Alzheimer’s disease (AD), a major lack of
knowledge persists and we do not yet have any effec-
tive methods of preventing or curing this condition.
The core pathological features of AD are formation
of amyloid plaques and neurofibrillary tangles, with
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other factors contributing to the degenerative cas-
cade, such as increased oxidative stress, defective
mitochondrial function and cellular energy produc-
tion, and chronic inflammatory mechanisms [1–3].
Genetic studies have also identified several risk genes
[4] and protective genes [5], adding to the complexity
of AD etiology.

Prior research has also identified several poten-
tially modifiable risk factors for AD, including a
midlife history of hypertension, type 2-diabetes, and
obesity [6–8], even in people with apolipoprotein E
(APOE) �4, a well-established AD risk factor itself
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[9]. These findings support the development of strate-
gies for modifying and preventing AD, including
nutritional changes and supplementation based on
data suggesting better cognitive performance among
non-demented elderly individuals consuming a plant-
rich diet [10] or fish products [11].

Cognitive decline in AD may be associated with
deficits in vitamin uptake and metabolism that lead
to reduced protection against peroxidation, followed
by possible neuron damage [12, 13]. A pilot study
demonstrated significantly lower concentrations of
several vitamins in AD patients with moderate-
stage dementia, without vascular disease and weight
reduction, when compared with healthy age-matched
controls [14]. This may imply that modifying nutri-
tion and intake of specific vitamins could protect
against brain damage and dementia. In fact, the
OPTIMA group in Oxford reported that high-dose
supplementation with the vitamins B6, B12, and folic
acid slowed brain atrophy in persons with mild cog-
nitive impairment (MCI) [15], particularly in those
with high �-3 fatty acids [16]. If vitamin deficiencies
are truly causative for the development of AD demen-
tia, these deficits would be detectable in patients with
MCI or in very early stages of AD dementia.

Our present study aimed to investigate whether
micronutrient reductions have a causative relation-
ship to AD. We studied nutrition in healthy control
subjects and in patients diagnosed with AD prior to
any substantial weight loss, who did not show any
interfering cerebrovascular, neurological, or psychi-
atric diseases or acute infections that could influence
the blood levels of several vitamins [17].

MATERIALS AND METHODS

This study included 138 participants: 75 patients
and 63 healthy controls. Eligible patients were liv-
ing at home, had sufficient competence to consent,
and were referred due to memory problems to the
Memory Clinic at Oslo University Hospital, Ulle-
vaal between January 2012 and November 2013. To
meet the inclusion criteria, patients had to be suffer-
ing from probable AD based on NINCDS-ADRDA
criteria [22], fulfill the Winblad criteria for MCI [23]
or the ICD-10 criteria for mild dementia, and have a
Mini-Mental State Examination (MMSE) score of at
least 24/30. Exclusion criteria were frontotemporal
dementia, vascular dementia, Lewy body dementia,
severe depression, or psychotic features. Two patients
were excluded because their follow-up assessments

concluded with diagnoses of depressive disorder and
Lewy Body dementia, leaving 73 patients in the study.
Of the included patients, 25 were diagnosed with
MCI, and 48 with dementia.

All patients underwent a comprehensive assess-
ment that included advanced cognitive testing
following a standard protocol [18], and MRI scans
of the brain with either visual inspection [19] or
volumetric hippocampus measurement using Neu-
roquant software [20, 21]. The MR findings were
integrated into the final diagnosis. When appropri-
ate, cerebrospinal fluid was tested for tau protein
and amyloid-�. Diagnoses were discussed in consen-
sus meetings that included experienced geriatricians,
psychiatrists, a neurologist, and in some cases a neu-
ropsychologist.

The healthy control group included 63 individuals,
of whom 33 were spouses, cohabitants, or siblings
of the patients, and the remaining 30 were part of a
control cohort previously established for use in brain
research and dementia studies. The latter controls
were recruited in association with various elective
knee, hip, or gynecological operations. All the con-
trol subjects were determined to be cognitively intact
based on cognitive testing.

At study inclusion, the patients were retested with
cognitive tests, such as the Norwegian version of the
MMSE [24], Clock-drawing test [25], CERAD 10-
word test, immediate and delayed memory [26], and
Trail-making test A and B [27]. On the day of exam-
ination, participant blood samples were collected
for standard blood tests, including micro-C-reactive
protein (CRP) and vitamin concentrations. We also
collected urine samples and, when possible, cere-
brospinal fluid for testing dementia markers (these
results are not presented in this article). To exclude
individuals with cognitive impairment, the control
participants were also examined using the same cog-
nitive tests as the patients, and blood and urine
samples were collected on the same day.

All participants underwent a clinical assessment
that included blood pressure measurement and nutri-
tional status assessment. Weight and height were
evaluated, along with upper arm and leg thick-
ness, and body mass index (BMI) was calculated
as weight/height2. We recorded the units of alcohol
consumed per week, and any nicotine use. Partici-
pants were asked about their number of daily meals,
weekly hot meals, and weekly fish meals, as well
as their use of vitamin and nutritional supplements.
We recorded any use of antihypertensive medication,
statins, or anticoagulants, and relevant cardiovascu-
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lar events. A vascular score was calculated, with
one point given for the presence of each of the
following: substantial hypertension, coronary heart
disease, myocardial infarction, atrial fibrillation,
valvular heart disease, precerebral arterial steno-
sis >75%, cerebral infarction/bleeding (stroke), later
strokes, unilateral paralysis/paresis, unilateral hyper-
reflexia/spasticity, unilateral inverted plantar reflex,
aphasia/dysphasia, dysarthria, dysphagia, epilepsy,
and diabetes mellitus. The final score ranged from
0 to 16, with a tendency to over-diagnose vascular
disease.

Initially, we urged the participants who used sup-
plements to stop taking these during the month prior
to blood sampling. However, this turned out to be dif-
ficult as taking supplements was an established part
of the patients’ daily routines. Therefore, we instead
encouraged participants to not take supplements on
the last days before the blood samples were collected.

Biochemical analyses

Blood samples were collected under standardized
conditions and processed by two professional tech-
nicians to prevent preanalytic errors. Aliquots were
prepared using appropriate additives for the differ-
ent analytic procedures. Serum aliquots were stored
at –20◦C (–80◦C for vitamin C) until analysis. Lab-
oratory analyses were performed within 2 weeks
of sample collection at the Nutrition Laboratory,
Hormone Laboratory, and Department of Medical
Biochemistry, Oslo University Hospital, Aker. Rou-
tine laboratory analyses of blood, serum, and plasma
were performed using a Hitachi 717 Modular multi-
analyzer (Boehringer Mannheim, Germany).

The CRP assays had a detection limit <1 mg/l,
calibrated using European Community Bureau of
Reference Certified Reference Material 470 (CRM
470). HPLC was used to assess vitamin B-1 (thiamine
pyrophosphate in heparinized blood; Chromsys-
tems), vitamin B-6 (pyridoxal-5-phosphate in serum;
Chromsystems), vitamin A (retinol in serum; Bio-
Rad Laboratories, Munich, Germany), and vitamin
E (�-tocopherol in serum; Bio-Rad Laboratories).
Serum samples were analyzed for vitamin C (ascorbic
acid) following acidification with ortho-phosphoric
acid using the method of Zannoni et al. [28]. Serum
was analyzed for 25-hydroxyvitamin D (sum of
25-hydroxyvitamin D2 and 25-hydroxy D3) using
radioimmunoassay (Dia Sorrin, Stillwater, MN). In
our laboratory, these methods showed interassay
CVs ranging from 3–9% based on analysis of ≥12

replicate samples on two different days—except for
25-OH vitamin D, which showed a CV of 14%.
Vitamin C and 25-OH-vitamin D were analyzed in
duplicate. All vitamin assays included quality con-
trols with high and low concentrations supplied by
the manufacturers, plus internal controls. No external
control was available for vitamin C; thus, standards
were prepared from the dry substance (Sigma-
Aldrich, St. Louis, MO). Reviewing the quality
control results revealed no significant laboratory drift
within the study period (January 2012 to November
2013). Liquid chromatography/tandem mass spec-
trometry was used to analyses �-isoprostane [29].

Reference intervals for concentrations of vitamins
B-1, B-6, C, A, and E were estimated based on
mean concentrations (±2 SD) from a healthy control
group in Norway, with separate estimates for men
and women. Reference intervals for vitamins with
a log normal distribution were obtained by calcu-
lating the mean (+2 SD) of log-transformed values,
and back-transforming the result. For 25-hydroxy-
vitamin D, we used the reference interval from a
previously described population [30]. For folic acid,
vitamin B-12, hemoglobin, cholesterol, triacylglyc-
erol, and CRP, we used the reference intervals from
the Department of Medical Biochemistry, Oslo Uni-
versity Hospital, Aker.

Ethics

This study was approved by the Regional Com-
mittee for Ethics in Medical Research (REK
2011/698) and is registered as Clinical Trial number
NCT01479855. Eligible patients and their primary
caregivers who were included in this study had pre-
viously agreed to join the Norwegian Memory Clinic
Registry, and to be contacted about participation
in upcoming relevant studies (REK 2009/1953 S-
08143a). Eligible participants were contacted by tele-
phone and received both oral and written information
about the study before they provided written consent
to participate. Participants were informed about the
possibility of withdrawing their consent if desired.

Statistics

Statistical analyses were performed using the sta-
tistical package SPSS version 21. A chi-square
test was used to compare categorical variables,
whereas t-tests and ANOVA was used to compare
normally distributed continuous variables. Descrip-
tive analyses showed a skewed distribution of the
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Table 1
Characteristics of healthy controls and patients with Alzheimer’s disease

Controls Patients p value

N = 63 MCIa Dementiab

(n = 25) (n = 48)

Females, n (%) 38 (60.3) 10 (40.0) 23 (52.1)
Males, n (%) 25 (39.7) 15 (60.0) 25 (52.1) 0.17c

Married, n (%) 45 (71.4) 20 (80.0) 31 (64.6) 0.38c

Age, mean (SD) 72.7 (6.3) 68.3 (6.8) 71.0 (8.2) 0.03d

Years of schooling, mean (SD)f 13.8 (3.5) 14.8 (3.3) 12.7 (3.4) 0.07d

Good to very good health condition, n (%)f 40 (65.1) 15 (54.5) 30 (58.8) 0.81c

Systolic blood pressure, mean (SD)f 153.4 (21.6) 141.9 (19.1) 149.9 (21.7) 0.08c

Diastolic blood pressure, mean (SD)f 82.5 (12.1) 78.1 (10.1) 86.9 (28.7) 0.12e

Vascular score, mean (SD) 1.1 (1.2) 1.0 (1.1) 0.8 (1.2) 0.41e

Weight, mean (SD)f 75.0 (11.3) 71.2 (13.2) 70.7 (12.0) 0.15d

Height, mean (SD)f 170.2 (9.1) 172.2 (9.2) 172.3 (9.1) 0.43d

BMI, mean (SD)f 25.9 (3.5) 23.9 (3.4) 23.8 (3.4) 0.004d

Arm muscle circumference, mean (SD)f 28.8 (2.9) 28.3 (2.8) 27.9 (3.3) 0.32d

Leg muscle circumference, mean (SD)f 37.3 (3.4) 40.3 (12.4) 36.5 (3.6) 0.15e

Daily hot meals, n (%)f 51 (81.0) 21 (84.0) 45 (93.4) 0.06c

Fish meals < twice per week, n (%)f 12 (19.0) 5 (20.0) 12 (25.0) 0.75c

Alcohol units per week, (%)f 5.3 (5.5) 3.8 (4.5) 2.4 (3.6) 0.002e

Smokers, n (%)f 8 (12.7) 3 (12.0) 6 (12.5) 0.10c

MMSE-NR, mean (SD) 29.1 (1.0) 27.4 (1.8) 24.3 (3.2) <0.001e

Clock-drawing test, mean (SD) 4.8 (0.6) 4.2 (0.9) 3.7 (1.3) <0.001e

CERAD–immediate memory, mean (SD) 20.7 (3.9) 17.6 (4.8) 12.7 (5.2) <0.001d

CERAD–delayed recall, mean (SD)f 6.9 (1.8) 3.8 (2.7) 1.5 (1.7) <0.001d

TMTA, mean (SD)f 49.8 (22.6) 51.9 (31.0) 66.8 (32.9) 0.004e

TMTB, mean (SD)f 137.1 (91.9) 131.9 (64.8) 164.3 (81.2) 0.02e

Between-group comparisons are made using ANOVA for normally distributed data, and the Kruskal-Wallis H-test for data with a skewed
distribution. aMCI according to the Winblad criteria; bAlzheimer’s dementia according to the NINCDS-ADRDA criteria; cPearson’s Chi-
square; dANOVA; eKruskal-Wallis H test; f Some missing data. SD, Standard division; BMI, Body mass index; MMSE-NR, Mini-Mental
Status Examination, Norwegian Revised version; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; TMTA, Trail-Making
Test A; TMTB, Trail-Making Test B; n.s., non-significant.

results of cognitive tests and blood tests (except for
hemoglobin, hematocrit, cholesterol, and T4); thus,
we used the non-parametric Kruskal-Wallis test to
compare these data among groups. The study material
was divided in three groups: (1) cognitively healthy
controls, (2) MCI, and (3) mild dementia due to AD.
To explore whether the groups differed with regards
to cognitive function, we calculated the discrimina-
tory power between the groups using the Cohen’s
effect size (d) formula.

RESULTS

Table 1 reports the participants’ demographics and
other characteristics, including the cognitive test-
ing results. The majority of both the controls and
patients judged their health condition as good to very
good. All groups showed a very low vascular score.
Antihypertensive medication use was reported by 30
(41.1%) patients and 31 (49.2%) controls, whereas
as use of statins was reported by 27 (37.0%) patients
and 20 (31.7%) controls, and use of anticoagulants

by 22 (30.1%) patients and 17 (27.0%) controls—all
non-significant differences. Thirty-two (43.9%) of
the patients were treated with an acetylcholinesterase
inhibitor (AChEI) and one with memantine. Sev-
eral patients were about to start AChEI treatment as
they just had been diagnosed with dementia. Only
4 (5.5%) patients and 5 (7.9%) controls were suf-
fering from diabetes, all except one from type 2
diabetes. BMI was slightly lower among patients
with MCI and dementia compared to controls, but
the majority of the participants were within a sat-
isfactory weight range except for 2 (2.7%) patients
and 1 (1.6%) control with a BMI less than 18.5.
Participants in all three groups showed very simi-
lar arm and leg circumferences, without sarcopenia.
All participants reported a satisfactory number of
meals and fish meals, with even those who lived alone
having regular daily meals, including dinner, and a
fish meal at least 1–2 times a week. Weekly alco-
hol intake was higher among healthy controls than
MCI and dementia patients. Among all participants,
only 17 were smokers. Except for lower weight and
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Table 2
Biochemical analyses results among healthy controls and Alzheimer’s disease patients with MCI and dementia

Analysis (normal range) Controls Patients p value

(n = 63) MCIa Dementiab

(n = 25) (n = 48)
Mean (SD) Mean (SD) Mean (SD)

Hemoglobin (11.7–15.3 g/100 ml) 13.8 (1.2) 14.0 (0.9) 14.0 (1.2) 0.47c

Hematocrit (0.35–0.46) 0.42 (0.03) 0.42 (0.02) 0.42 (0.03) 0.44c

Micro-CRP (0–4 mg/l) 3.2 (3.1) 1.5 (1.2) 1.7 (2.3) 0.001d

Homocysteine (5–15 �mol/l) 12.1 (4.2) 11.0 (2.3) 12.8 (4.4) 0.20d

Creatinine (45–90 �mol/l) 73.2 (23.1) 75.6 (13.2) 80.7 (17.1) 0.02d

Cholesterol (3.9–7.8 mmol/l) 5.6 (1.2) 5.7 (1.0) 6.0 (1.2) 0.33c

Triglyceride (0.5–2.6 mmol/l) 1.4 (0.7) 1.2 (0.6) 1.3 (0.5) 0.13d

Thyroxine (T4) (8–21 pmol/l) 16.4 (3.0) 17.1 (3.2) 16.5 (2.0) 0.58c

TSH (0.5–3.6 ml/l) 1.7 (0.9) 1.2 (0.7) 1.9 (2.3) 0.06d

Between-group comparisons are made using ANOVA for normally distributed data, and the Kruskal-Wallis H-test for data with a skewed
distribution. aMCI according to the Winblad criteria; bAlzheimer’s dementia according to the NINCDS-ADRDA criteria; cANOVA; dKruskal-
Wallis H-test.

Table 3
Vitamin concentrations among healthy controls and Alzheimer’s disease patients with MCI and dementia

Vitamin (normal range) Controls Patients p value

(n = 63) MCIa Dementiab

(n = 25) (n = 48)
Mean (SD) Mean (SD) Mean (SD)

Vitamin B1 (Thiamine-diphosphate) (95–200 nmol/l) 157.0 (28.5) 161.3 (35.1) 161.3 (31.9) 0.58c

Vitamin B6 (Pyridoxal-5 phosphate) (15–160 nmol/l) 56.6 (63.1) 71.0 (104.6) 58.3 (44.2) 0.51d

Folate (>10 mmol/l) 22.7 (9.4) 25.7 (10.4) 22.9 (11.1) 0.74c

Vitamin B12 (Cobalamin) (150–650 pmol/l) 406.5 (158.5) 426.5 (116.1) 396.5 (203.7) 0.21d

Vitamin C (Ascorbic acid) (45–100 �mol/l) 62.8 (17.8) 60.6 (16.3) 62.8 (28.9) 0.87c

Vitamin A (Retinol) (1.2–3.6 �mol/l) 2.3 (0.6) 2.2 (0.5) 2.3 (0.5) 0.39c

Vitamin E (�-tocopherol) (17–45 �mol/l) 35.6 (6.3) 35.8 (6.9) 36.3 (8.2) 0.63c

Vitamin D (25-OH Vitamin D) (37–131 nmol/l) 65.2 (17.9) 61.4 (18.8) 65.0 (20.3) 0.81c

8-iso-PGF� (30–170 pg/ml) 64.3 (26.8) 59.6 (19.3) 65.5 (51.1) 0.69c

Between-group comparisons are made using ANOVA for normally distributed data, and the Kruskal-Wallis H-test for data with a skewed
distribution. aMCI according to the Winblad criteria; bAlzheimer’s dementia according to the NINCDS-ADRDA criteria; cANOVA; dKruskal-
Wallis H-test.

height, there were no significant differences between
females and males with respect to other background
characteristics. However, the percentage of females
was lower among the patients than in a general AD
population.

Cognitive testing (except Trail-making test B;
TMTB) revealed significant differences between the
three groups: healthy controls, patients with MCI, and
patients with dementia (Table 1).

We calculated Cohen’s d (effect size) of the cog-
nitive testing results to discriminate between the
MCI and dementia patients, finding d values of 0.98
for the MMSE, 0.50 for the Clock-Drawing Test,
0.89 CERAD immediate memory, 0.98 for CERAD
delayed recall, and 0.45 for TMTA. A d of 0.5 or
higher is usually of clinical interest, and a value above
0.8 is considered to be high [31]. These results sup-
ported dividing the patient material into two groups:
MCI and dementia patients, which were both dif-

ferent from the controls. The d for TMTB was not
calculated as several of the patients did not manage
to complete the test.

Routine biochemical analyses revealed satisfac-
tory concentrations for most parameters among all
participants. There were no significant between-
group differences except for mean micro-CRP
(Table 2), which was higher among healthy controls
that among patients, but was within the inclusion cri-
teria for both groups and was thus assumed to not
influence the vitamin concentrations. There were also
some significant differences in the routine blood anal-
yses between females and males, but all values were
within the normal range.

The blood concentrations of vitamins B-1, B-6,
folic acid, B-12, C, A, E, D and of the peroxidative
indicator 8-iso-PGF� all fell within the normal range,
and did not differ between controls, MCI patients,
and dementia patients (Table 3). Males had significant
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Table 4
Overview of vitamin and supplement intake during the last month among healthy controls and Alzheimer’s disease patients with MCI and

dementia

Patients

All Controls MCIa ADb

(n = 136) (n = 63) (n = 25) (n = 48)
n (%) n (%) n (%) n (%)

Any vitamins in the last month, n (%) 83 (61.0) 39 (61.9) 20 (80.0) 24 (50.0)
Vitamins on the day of blood sampling, n (%) 13 (9.6) 4 (6.3) 5 (20.0) 4 (8.3)
Multivitamins, n (%) 33 (24.3) 19 (30.2) 7 (28.0) 7 (14.6)
Vitamin A, n (%) 0 0 0 0
Vitamin B (1 and 6), n (%) 13 (9.6) 7 (11.1) 2 (8.0) 4 (8.3)
Vitamin B12, n (%) 3 (2.2) 1 (1.6) 0 2 (4.2)
Folic Acid, n (%) 2 (1.5) 1 (1.6) 0 1 (2.1)
TrioBe, n (%) 9 (6.6) 2 (3.2) 4 (16.0) 3 (6.3)
Vitamin C, n (%) 19 (14.0) 9 (14.3) 1 (4.0) 9 (18.8)
Vitamin D, n (%) 12 (8.8) 3 (4.8) 3 (12.0) 6 (12.5)
Vitamin E, n (%) 1 (0.7) 0 0 1 (2.1)
Calcium, n (%) 10 (7.4) 4 (6.3) 4 (16.0) 2 (4.2)
Omega-3 or Fish oil, n (%) 61 (44.9) 30 (47.6) 14 (56.0) 17 (35.4)
Other supplements, n (%) 27 (19.9) 10 (15.9) 7 (28.0) 10 (20.8)

aMCI according to the Winblad criteria; bAlzheimer’s dementia according to the NINCDS-ADRDA criteria.

lower concentrations of folate, vitamin B12, C, and
E than females, but still within the normal range (not
shown).

Among all participants, 83 (61%) had used some
kind of supplement prior to blood sampling (Table 4).
We found significant differences in vitamin concen-
trations between those using and not using vitamin
supplementation (not shown), however the values
were all within the normal range in both groups The
majority of participants who took any kind of vitamin
or micronutrient were regular users of multivitamins
or fish oil and omega-3 fatty acids.

DISCUSSION

The main finding of our present study was that
mean vitamin levels were within normal ranges
among both the cognitively intact control subjects
and the AD patients with MCI and mild demen-
tia. Moreover, these vitamin concentrations did not
significantly differ among the three groups. Thus,
our results did not substantiate the hypotheses that
vitamin deficits could be causative for AD. Our
findings are supported by earlier reviews [32–34]
showing that vitamin supplementation had no cer-
tain beneficial effects with regards to AD prevention
or improvement of cognition. However, our findings
are in contrast to the results of a meta-analysis by
da Silva et al. [35], which included 80 studies per-
formed from 1990–2012, and reported significantly
lower plasma levels of folate and vitamins A, B12,

C, and E among dementia patients, and Olde Rikkert
et al. [36] who compared cognitively healthy con-
trols with non-malnourished patients with mild AD,
and found small differences in nutrient uptake among
the AD patients.

The satisfactory vitamin concentrations found in
our patients with normal BMI values and stable
weight over time, were likely attained either from
following normal nutritional patterns with daily hot
meals and regular fish meals, or from regular use
of vitamins and supplements, especially fish oil,
which was introduced in early childhood for many, in
contrast to Shartenstein et al. [37] who in their one-
year follow-up study, found suboptimal diets among
patients with early dementia compared to in cog-
nitively healthy age-matched controls. Low vitamin
concentrations may thus occur as a consequence of
changes in dietary patterns towards unhealthy com-
positions of food intake, especially in more advanced
dementia [38].

Our results may have also been influenced by
the fact that vitamin levels—including B12 and
folate and, in the later years, vitamin D—are con-
trolled and supplemented as part of the routine
assessment and follow-up of older people in Norway.
Thus, our findings cannot exclude the possibility that
targeted vitamin supplementation can act as a mod-
ifying measure [39], although it is less likely that
vitamin intake can prevent dementia onset. However,
the unfavorable results in some intervention studies
could be due to supplementation with only a few
of the many involved nutrients, insufficient dosages,
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or supplementation too late in the disease course
as AD has a long latency period, slow progression,
and vague symptoms during its very early preclinical
stages, making it difficult to determine appropriate
timing for vitamin supplementation before sub-
stantial brain damage has occurred. Reduced brain
atrophy in MCI patients who received high-dose
supplementation with vitamins B6, B12, and
folate—especially among patients showing high con-
centrations of long-chain �-3 fatty acids found by
the OPTIMA group [16] is promising [40]. There
is also some evidence of cognitive improvement in
MCI patients with high homocysteine levels who
received high-dose supplementation with vitamin B
[41]. However, these findings are not yet sufficient
to guide specific dietary advice, they are in line with
other findings suggesting that modifying risk factors
of cognitive decline may improve cognition or even
delay dementia development [9].

Supplements are generally considered to be safe,
with no substantial side-effects, socially acceptable,
and cost effective [42]. Supplementation with vita-
mins C and E are assumed to be beneficial due to
their antioxidative effects [43]. However, a Cochrane
review from 2012 [44] concluded that the application
of such treatment in controlled randomized studies
has not shown convincing benefits and is in line with
our findings showing no association between vita-
mins and cognition. Supplements can also be costly,
may have no effect, and can reduce motivation to
adopt a healthier lifestyle [34]. Some recent studies
have even showed increased cognitive dysfunction
in patients who received high-dose supplementation
with vitamins A, E, and C [45, 46]. Since those of
our patients taking supplements regularly had nor-
mal vitamin concentrations, they probably were not
overusing these vitamins.

The patients in our study showed generally low
vascular scores (mean values from 0.8–1.1) of a max-
imal score of 16), with hypertension, atrial fibrillation
und use of anticoagulants being the main reasons for
scores above zero. Both hypertension and atrial fibril-
lation are considered important risk factors for devel-
oping dementia or AD [6, 8] together with hyper-
cholesterolemia. However, both control participants
and patients in this study were taking appropriate
medication that seemed to control these symptoms.
In fact, hypertension was more frequent among the
cognitively intact controls than the AD patients, sug-
gesting that other risk factors were more important.

The findings of an earlier study concluded that vita-
min deficits were a possible cause of AD [14] were

likely associated with external factors, such as acute
infections or operations that may influence the vita-
min concentrations, especially lipid-soluble vitamins
[17]. Thus, it is important to consider the conditions
under which blood samples are collected. In partic-
ular, inflammatory states with increasing CRP can
reduce the usefulness of vitamin measurements [47].
Our present results showed very low CRP levels in
both patients and controls (Table 2), supporting the
use of serum vitamin concentrations as valid expres-
sions for vitamin nutritional status. Other factors,
such as secondary nutritional deficiencies that can
develop during disease progression, must also be
considered when studying the association between
vitamins and cognition [34].

Among the AD patients in our study, 80% of MCI
patients and 50% of dementia patients regularly took
nutritional supplements without compelling influ-
ence on their cognitive function. For the majority of
patients, their supplement use was based on what they
were accustomed to taking, and not due to any docu-
mented deficiency—although a few patients received
vitamin supplementation because of low B12
and vitamin D. It remains unknown whether
customized vitamin supplementation in people
with reduced vitamin levels will have a long-term
influence on cognition. Other known risk factors
for AD—such as a low education level, hyper-
cholesterolemia, high homocysteine level, and
diabetes—were rare among the patients in this study.
Thus, this patient population might be useful for
testing new and previous unknown factors that could
be causal for AD development.

Strengths and limitations

The included patients were all recruited from
the same memory clinic and underwent a compre-
hensive standardized assessment. The demographic
characteristics, somatic health conditions, and gen-
eral nutritional indices were rather similar among the
three groups, which were clearly discriminated by the
results of cognitive testing.

One obvious limitation of this study was the use
of different kinds of supplements, which could have
influenced the results. Participants were asked to not
take supplements on the last days before blood sam-
pling, but could not verify to what an extent this
request was followed, except by asking the partic-
ipants. Another limitation was the cross-sectional
design. A longitudinal follow-up could have added
greater weight to our results. Our patient sample was
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also somewhat younger than a normal AD population.
They were relatively physically fit with few comor-
bid illnesses. Thus, we cannot necessarily generalize
our findings to the global population of AD patients,
even though our results convincingly demonstrate a
lack of association between impaired cognition and
micro-nutrients.

Conclusion

Our present results showed no associations
between vitamin concentrations and early cognitive
impairment in patients suffering from AD. The nor-
mal blood concentrations, nutritional indices, and
food intake observed in our patients did not support
the hypothesis that vitamin deficiencies are causative
for AD development.
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